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FOREWORD

This report was prepared by ifughes Aircraft Company. Culver
City, California under Contract Number F33615-68-C-1225. The
contract was conducted under '"Materials Information Development,
Collection and Processing, " Project No. 8975, "Materials Informaiion
Analysis Centers, " Task No. 897503, '"'Flectronic Froperties Informa-

tion Center.'" The work was administered under the direction of the Air
Force Materials Laboratory, Air Force Systems Command, Wright-
Patterson Air Force Base, Ohio, with Messrs B. Imrich and R. F.
Klinger, MAAM, Project Engineers.

This report covers the period | February 1968 through 28 Febru-
ary 1970. The report was submitted by the author in March 1970 for
publication.

The work described is credited to the collective efforts of the

entire Electrounic Properties Information Center staff.

This technical report has been reviewed and is approved.

Y e .
—award Dugger )
Chief, Materials Inf hation Branch
Materials Suppori Division

Air Force Matcerials Laburaiory
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ABSTRACT

This final report describes the activities of the Electronic
Properties Information Center during the period | February 1968
through 28 February 1970. The Center has expanded its scope to
include increased coverage of the uptical properties of materials,
revised and expanded its indexing system to accommodate this expan-

sion, acquired 10, 000 carefully reviewed documents, bringing EPIC

holdings to 42, 000 items, and delivered to the Air Force a complete

index to these holdings. Over 15, 000 copies of 39 technically competent
publications, prepared during this period, were distributed to EPIC
users. The usc of the Center has increased dramatically during this
period, 2861 requests were rcceived by the Center, an increase of

65 percent uver a similar 1966-67 period. and over 1000 individual
scientists and cngineers currently avail themselves of the Center's
services on a regular basis, anincrease of 73 percent since January
1968. The EPIC publicity and sales programs, aggressively pursued
during this period, and the Center's future plans are reviewed in this

report.
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SECTION 1
INTRODUCTION

The Electronic Properties Information Center (EPIC) is a
designated Information Analysis Center of the Department of Defense
authorized to provide information to the entire DoD community. The
Center was established in 1961 at Hughes Aircraft Company, Culver
City, California. It is operated under contract with the Air Force
Materials Laboratory, Wright-Patterson Air Force Base, Ohio.

Within Hughes Aircraft Company, the Cecnter is located in the
Research and Development Division of the Aerospace Group. The
Center thus is able to draw on significant laboratory research and
development capabilities. In addition, since the Center is administered
and operated at the section level in the Components and Materials
Laboratory, strong support is obtained from Hughes scientists and
engineers working in the field of materials development.

The purpose of the Electronic Properties Information Center is
to provide a highly competent source of information and data on the
electronic, optical and magnetic propertics of materials of value to
the Department of Defense. Its major function is to cvaluate, compile
and publish the cxperimental data from the world's unclassified litera-
ture concerned with the propertics of materials. All materials relevant
to the field of clectronics are within the scope of EPIC: insulators,
semiconductors, mctals, superconductors, ferrites, ferroclectrics,
ferromagnetics, clectroluminescents, thermionic emitters and optical

materials. The Center's scope includes information on over 100 basic

propertics of materials; information generally regarded as being in the

area of devices and/or circuitry is cxcluded.

The Center provides a technical answering service in which the
technical staff responds to inquiries ranging in complexity from simple
requests for data point values to requests for comprehensive reviews

of the literature. This scrvice is available to U.S, Government agencies,

PRECEDING PAGE BLANK
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their contractors, subcontractors, supplicrs, and those in a position
to support the defense effort. Inquiries may be directed to:

Electronic Properties Information Center
Hughes Aircraft Company

’ Bldg. 6: E-148
Centinela & Teale Streets

O S

Culver City, California 90230
4 Telephone: (213) 391-0711 Ext. 6596
I TWX: (213) 871-5210

The EPIC Bulletin, published quarterly, announces new publica-

tions and current activities of the Center. Users may request receipt
of the Bulletin on a regular basis.

This Annual Report covers work performed by the Electronic
Properties Information Center from February 1, 1968 through
i February 28, 1970.
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SECTION 11
EPIC PUBLICATIONS

The Electronic Properties Information Center has developed
seven publication types whose content and format are as varied as the
needs of EPIC users (Table I). The preparation of each requires vary
ing degrecs of technical evaluation, cach contains varying amounts of
information outside the scope of the EPIC document files, that is,
information in addition to the basic electronic and optical properties
of materials.

The "Data Table' publication type represents = completely new"
EPIC format. This was developed in 1969 after the brief EPIC Interix't-.
Report, Silicon Carbide Data Table and Supplementary Bibliography

(IR-62. August 1969), was so well received by participants of the “and’
International Conference on Silicon Carbide (held in May 1968 at

Pennsylvania State University), that it was included in the Cc‘mference‘v

_proceedings. In 1969, the Data Table format was applied to the II-VI.

and IV-VI semiconducting compounds; the most reliable data point
values for cvery property, physical, mechanical, crystallographic,
electronic, optical, magnetic and thermal, were presented for each
compound. Of particular value to users of the Tables, is the fact that,
unlike the usual tabular data presentations found in review articles anc
toxtbooks, cach data point value is accompanied by a complete biblio-}
graphic reference to the primary source of the data. ' : |

During this 25-month reporting period, the Center prepared an‘d‘
distributed to its users 38 publications. Table II illustrates that the i
preparation of thesc works have more than satisfied the rcquirements;; ;
the EPIC contract., Data collection was started for a Survey Repdrt, ¥
Silicon Nitride for Microclectronic Applications using royalty funds '
derived from the EPIC Sales Program (Sce Section VI),

As shown in Table 1II, the content of these works may be describ: «
in terms of five major materials technology areas of interest to the Do :.

Two of the five arcas, optical materials and microelectronic materials.
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Table II.

Type and Number of Publications

Publication
Type

Number of Publications

Contractual Requirement

Actually Released

Data Sheets

Survey
Reports

Data Tables

Glossaries

Bibliographies

Interim
Reports

Bibliographic
Supplements

1000 (pages)

10

1128

10

12
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represent areas of increased scope for the Center during this reporting
period. Ixpansion of the EPIC scope into the optical materials area
was specifically called for in the EPIC contract; expansion into the
areaof microelectronics was a natural consequence of increased user
interest in this rapidly cvolving technology.

Expanded optical materials coverage hy the Center in 1968-69
emphasized the acquisition of documents dealing with infrared trans-
mitting materials, clectro- and magneto-optic materials, and solid-
state laser materials, including semiconductors and doped glasses and

crystals. To accommodate Lthis expansion, the Center increased the

number of optical property descriptors used in indexing (see Section IV).

The Glossary of Optical Properties (S-10), published in February 1969,

carefully defined these new descriptors and, at the same time, defined,
in a more comprechensive manner, the optical property descriptors

included in the Center's carlier Glossary of Electronic Properties

(-7, January 1965). Two major publications on optical materials,

Refractive Index of Optical Materijals in the Infrared Region (DS-166,

January 1970) and Linear Flectrooptic Modulator Materials (S-14,
January 1970), further cstablished EPIC as a center of cxcellence in

optical materials technology.

The entrance of KPIC into microelectironics technology began
carly in the contract period in February 1968 with the publication of
two Interim Reports on thick film conductor and resistor functional
inks and pastes (IR-60 and 61). These reports, which have proved to
be c¢xtremely popular, satisfy a definite nced in an arca where no text-
book yet exists by detailing the composition and properties of all avail-
able thick film inks and pastes. However, the most significant
contribution by the Center to microelectronics technology is repre-

sented by Epitaxial Silicon & Gallium Arsenide Thin Films on Insulating

Ceramic Substrates (S-9, August 1968). This comprehensive Survey

Report presented for the first time a master flow chart identifying
each variable of the film/substrate preparation and resultant device

fabrication pruocesses. A series of charts clearly identified to what

9
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extent each variable has been investigated for each Si- and GaAs-ceramic
substrate combination. This type of data presentation resulted in a true
state-of-the-art overview of the technology with gaps in the current
knowledge being clearly evident.

Semiconductor materials continued to be of prime interest to
EPIC during this contract period. For the first time, the Center pre-
pared major publications on broad classes uf semiconductling compounds.
In addition to the Data Table publications un the 1I-VI and IV-VI com-
pounds described above, the highly annotated Bibliography of 11I-V

Semiconducting Films (S-13, December 1969) covered an entire class

of important binary compounds, and detailed all available literature on
the propertics and preparation techniques of these important thin film
materials. Since silicon continues to dominate the field of semiconductor
device technology, a complete revision of an carlier EPIC publication

on this material (DS-137, May 1964) was undertaken. The resultant
major work, Silicon (DS-162, October 1969), covered all clectronic

and optical properties of the material and, for the first time in an

IEPIC publication, included solubility and diffusion data. An additional
major semiconductor publication prepared during this period was

l.ead Telluride-Tin Telluride (IDS-164, January 1970). The interest in

this material centers around its potential as a photovoltaic detector.

Both Silicon and L.ead Telluride-Tin Telluride contain a Data Table

reviewing key data point values for the physical, mechanical, electronic,
optical and thermal properties of the materials. Of course, additional
semiconduclor materials continue to be of major importance to the
electronics community (e.g., Ge, GaAs, InSb, ctc.). The Center, due
to lime and effort limitations during this contract, was unable to revise
earlier KEPIC publications on these materials. However, as a current
awareness service, sceveral Bibliographic Supplement publications on
these and other semiconductor materials were made available to KPIC
users.,

As indicated in Table III, the Center devoted more effort to

ceramics during 1968-69 than to any other class of materials except

10



semiconductors. kPIC publications in this area emphasized specific
clectronic and optical applications of ceramic materials. Ceramics
used in microelectronics technology as capacitors, subsiratles and
passivating dielectric materials were emphasized in two EPIC Survey

Reports, S-9 and S-15, and the Interim Report Thin Film Dielectrics

for Microelectronics (IR-63, July 1968). The ceramics, quartz,

alumina and the Irtran family of materials, were treated as optical

materials in Refractive Index of Optical Materials in the Infrared

Region (IXS-166, January 1970). A particularly useful publication on

ceramic and insulator materials was Diclectric Constants of Rubbers,

Plastics and Ceramics — A Design Guide (IR-67, May 1969). The pur-

pose of this work is to ¢nable enginvers and designers to readily select
a commmon material with a desired dielectric constant; the range of
diclectric constants for over 180 materials is presented in bar graph
form, arranged by ascending value of dieleciric constant. The Center's

coverage of ceramics is best represented by Magnesium Oxide (DS-163,

October 1969), a comprehensive review of the electronic and optical
propertics of this important ceramic material, emphasizing its dielec-
tric properties and encrgy band structure.,

In the area of superconductors, the release of Niobium-Tin (Part

II, NS-160, July 1968) and Niobium-"Titanium ata Table and Supple-
mentary Bibliography (IDS-148(S1), October 1968) completed a series

of NPIC publications un superconductor materials presently in use for
high field magnet applications. Current interest in superconductivity
centers around thin film research in the continued search for higher
transition temperatures and for the purpose of studying the basic nature
of film properties. The Center responded to this current emphasis in
superconducting materials rescarch by preparing Superconducting Thin

Films of the Group IT & III Elements (IDS-165, February 1970).

11
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SECTION III
USE OF EPIC

The usce of the Electronic Properties Information Center by the
scientific community has increased substantially during this 1968-69
reporting period. Compared with a similar period in 1966-67, L the
Center has experienced

. A 65 percent increase in the number of requests from the

scientific community,

. A 20 percent increase in the number of organizations

submitting requests,

° A 73 percent increase in the number of individuals receiving

EPIC publications on a regular basis,
° A 50 perceent increase in the number of EPIC publications
distributed.
These impressive statistics describing increases in requests, users

and publications distributed are detailed in the following sections,

1. Hughes Aircraft Company. The Electronic Properties
Information Center (EPIC). February 1966 through January 1968.
By S. J. Welles. Tech. Rept. AFML-TR-68-33. March 1968.

Note: Previous EPIC contracts of 12 or 24 months duration have
run from February | to January 31, Thus, for example, ''1966",
for the purpose of this final report, will refer to the period
February 1, 1966 to January 31, 1967. However, the current
reporting period of 25 months runs from February 1, 1968 to
February 28, 1970. For the purposc of comparing this period with
previous EPIC contracts, ""1968" will refer to the period February 1,
1968 to January 31, 1969, and ''1969" will refer to the 13-month
period February 1, 1969 to February 28, 1970.

PRECEDING PAGE BLANK
13



1. REQUESTS

g The Electronic Properties Information Center reccived 2861
requests from the scientific community during 1968-69, representing
a 65 percent increase over the number received during a similar
period in 1966-67. As indicated in Table IV, these requests may be
divided into three types:

e General Information Requests include all inquiries of a

non-technical nature, such as requests for introductory

’ information describing EPIC services and publications and
requests for the two EPIC Glossaries defining the electronic
and optical property indexing terms used by the Center.

: . Publications Requests include requests for EPIC Data

Sheets, Survey Reports, Data Tables, Bibliographices,

Interim Reports and Bibliographic Supplements.
. Data and Information Analysis Requests include all inquiries
; requiring data analysis or litcrature search by a member of
the technical staff; answers to these inquiries may appear
; as specific data, bibliographies, cither manually prepared

or computer -gencerated, or general advice and information

similar to that provided by a technical consultant,

Table TV, Distribution of Requests by Request Type

& Requests

&

; Request Type 1966-67 1968 -69

§ No. T No. %

F General Information 273 16,0 367 12.8
G Publications 1026 60.0 1824 63.8
é,' Data and Information 411 24.0 670 23.4
? Analysis

%

i Totals 1710 100. 0 2861 100. 0
i
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Replying to Data and Information Analysis Requests is the most
valuable service the Center provides. The manner in which the EPIC
information retrieval system is fully utilized in responding to thesc
requests is depicted in Figure 8, Table 1V shows that the volume of
these requests has kept pace with the increase in total requests. The
historical summary of all requests reccived by the Center since its
inception, shown in Figure 1, further illustrates the magnitude of
these increases,

The majority (69 percent) of the 670 Data and Information Analy-
sis Requests received in 1968-69 cach required less than two hours of
technical staff effort to answer (Figure 2). This situation is extremely
desirable; it indicates that the EPIC retrieval system and the EPIC !
technical staff arce well prepared to meet the electronic and optical
property data requirements of the Center's users.

When it is determined that a technical inquiry is of broad inter-
est to users other than the original requestor, the Center often pre- ‘
pares a brief publication (Interim Report) containing pertinent data
and bibliographic information in answer to the inquiry. These Interim

Report publications weree listed in Table 111

2, USERS

The number of individuals making use of the services of the
Electronic Properties Information Center has increased dramatically
during 1968-69, The most relevant measure of the number of current
uscers of the Center is the size of the distribution list for the EPIC
Bulletin, the Center's quarterly newsletter (see Section V - Publicity
Program). Sincce individuals on this list have specifically requested
receipt of the Bulletin, the Bulletin distribution represents only those
uscrs who have expressed a continued interest in the services and
technical publications offered by the Center. Over 1000 engineers
and scientists throughout the country now receive the Bulletin on this

basis, an increase of 73 percent since January 1968 (Figurce 3).
L
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Figure 1. Requests received by EPIC since 1962,
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Figure 2. Technical effort distribution
of 670 data and information
analysis requests.,

Table V indicates the distribution by user type of the 2861
requests received by the Center during 1968-69, as compared to the
1966-67 period. Of these 2861 requests, 2424 (or 85 percent)
originate from 479 industrial organizations and 91 educational and
rescarch institutions. This total of 570 organizations represents a
20 percent increase over the 1966-67 period.

Figure 4 illustrates that 288 of these 570 user organizations
{(or 50 percent) submitted only one request during 1968-69 and thus
accounted for 12 percent of the 2424 requests; 17 organizations
{or 3 percent) submitted more than 20 requests and accounted for a

total of 871 requests out of 2424 (or 36 percent). These 17 major
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Figure 3. Number of individuals receiving cach
issue of the EPIC Bulletin.

users of the Center, along with three Government installations also
submitting more than 20 requests, are listed in Table VI. All indus-
trial organizations and cducational and research institutions submitting
three or more requests during 1968-69 are listed in Appendix I,

The geographic distribution of thesc 2424 requests and of the
570 organizations submitting them is detailed in Table VII and
Figure 5. For convenienceincompiling these statistics, when an
organization had divisions from more than one state submitting
requests, the location of the organization was determined by the
location of the division submitting the most requests. One state,
California, accounted for 36 percent of the requests and for 23 per-
cent of the organizations, while the five highly-industrialized states,
California, Massachusetts, New Jerscey, New York and Pennsylvania,

accounted for 68 percent of the requests and for 58 percent of the

; organizations,

18
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Table V. Distribution of Requests by User Type

Requests
User Type 1966-67 1968-69
No. %o No. %o
Industrial 1146 67.0 2000 69.9
University and 244 14.3 424 14.8
Research
Institution
Government 256 15.0 342 1. 0
Air Force 120 7.0 107 3.8
Navy 28 1.6 58 2.0
Army 41 2.4 55 1.2
NASA 31 1.8 51 1.8
AEC 2 0.1 29 1.0
NBS 18 1.1 20 0.7
Other 16 1.0 22 0.8
Foreign 64 3.7 95 3.3
Totals 1710 100.0 2861 100.0

As shown in Table V, 12 percent of the inquiries submitted to
the Center in 1968-69 originated from Government agencies. However,
since all industrial and educational organizations submitting inquiries

are Government contractors, subcontractors or suppliers, these non-

Government requestors must be considered in order to fully evaluate

EPIC support of Government agencies. During 1968, the Center
collected statistics concerning particular Government agency support
involved in requests from these organizations., The percentage dis-

tribution by Government agency of these inquiries is shown in
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Figure 4. Distribution of 570 organizations by number of requests.

Table VI. Users Submitting More Than 20 Requests

Acraojet-General Corp,

Bell Telephone Laboratories, Inc.

E.I. DuPont de Nemours & Co., Inc,

General Electric Co.

Honeywell, Inc,

Hughes Aircraft Co.

International Busincess Machines Corp.
Massachusetts Institute of Technology

McDonncell Douglas Corp.

North Amecrican Rockwell Corp.

Northrop Corp.

Oak Ridge National Laboratory

Radio Corporation of America

Raytheon

Stanford Univer sity

TRW, Inc.

University of California

U.S. Air Force — Wright-Patterson Air Force Basce
U.S. Army — Elcctronic Command, Ft. Monmouth
Westinghouse Elecotrie Corp.

20



4 S

Table VII. Distribution by Geographic Region of Requests
and User Organmzations

Requests Organizations
Geographic Region (States)
No. % No, Te
Pacific (AK, CA, HI, OR, WA) 920 38,0 142 24.9
Middie Atlantic (NJ, NY, PA) 571 23.0 152 26.7
New England 506 12.6 85 14.9
(CT, MA, ME, NI, RI, VT)
East North Central 270 11.1 83 15,5
(IL, IN, MI, CIi{, WI)
South Atlantic 109 4.5 57 0.5
(DC, DE, FL, GA, MD, NC, SC,
VA, WV) i
West North Central 91 3.8 20 3.5
(IA, Ks, MM, MO, NB, ND, 5D)
|
West South Coentral T 5.0 25 4.0
(AR, LA, OK, TX)
Mountiin 69 2.8 15 2.0
(A7, CO, ID, MT, NM, NV, UT,
wWY)
Euast South Central 15 0.6 o) 1.4
(AL, KY, Ms, TN)
Totals 2421 100.0 370 100.0
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Table VIII, yielding the total (dircect and indirect) Government agency
support by the Center.

During 1968 -69, 95 rcquests, all for EPIC publications, were
received by the Center from foreign sources (Table V). Eleven of
these requests werce submitted during 19648 and 84 during 1969, The
significant increase in foreign requests during the latter part of the
contract period was duce to “he increased distribution of EPIC publica-
tions during 1969 (sce Figurce €). In addition, all publications distrib-
uted were approved for public release, resulting inincreased {foreign
access to the Center. A further and dramatic increase in foreign use
ol EPIC publications is expected once the Center begins to market its

publications commercially (sce Scction VI — Sales Program).

Table VIII. Government Agencies Supported by Inquiries

T Air

NASA | Navy | Army | AEC | NBS | Other | Total

Force
Dircct 107 51 53 55 2y 20 22 342
Inquirics
Indirect 1042 558 242 242 218 49 73 2424
Inquirics®
(Percent) (453) (23) (10) (10) (9) (2) (3) (100)

-
Total L1149 | 609 500 297 247 69 95 2766
Gnovern- |

ment i
Agency

support ‘

Inguiries |

0~

11 11 100

el
v

v

Percoent 42

Hlnquiries from industrial, cducational and research organizations
identificd with specific Government agency support.,
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3. PUBLICATIONS

During 1968-69, necarly 15,000 EPIC publications were
distributed by the Center to the scientific community (Figuré 6). This
represents an increase of 50 percent over the 1966-67 period, and does
not include publications distributed by the Defense Documentation
Center{DDC). A large part of the EPIC distribution was issued auto-
matically to approximately half of the users on the EPIC Bulletin
distribution list (sec Figure 3) who have requested receipt of all EPIC
publications upon their release. The 17 Data Sheets, Survey Reports,
Data Tables, Bibliographies and the Glossary listed in Table 1II
received an initial distribution in this manner. Further distribution
of thes: works was made upon request. Interim Reports and Supple-
mentary Bibliographies are available only from EPIC upon request;
the demand for Interim Reports, as illustrated in Figure 7, attests

to their continued value to users of the Center.
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SECTION 1V
EPIC INFORMATION RETRIEVAL SYSTEM

The Electronic Properties Information Center operates a
retrieval system based upon detailed i-ndéxing, using a controlled
vocabulary, coupled with document retrieval by computer (GE-635)
and by manual card files. A flow diagram summarizing this system
is depicted in Figure 8. During this reporting period, the EPIC index-
ing system has been expanded and completely revised in accordance

with the Center's expanded scope in the optical properties of materials

‘drea, and the format of the EPIC magnetic tape files has been revised

and improved to accommodate these changes. The resulting retrieval
system is morc responsive than cever before to the data and informa -

tion requirements of the Center's users.

l. LITERATURE SEARCH AND ACQUISITION

The Electronic Properties Inflormation Center has continued its
aggressive programof searching and acquiring world literature con-
cerned with the electronic, optical and magnetic properties of
materials. An overview of the sources of information utilized by
the Center is presented in Figure 9.

During this rdporting period, the Center has seclectively
acquired 10, 000 documents, bringing EPIC holdings to 42, 000. As
in the past, these documents were obtained with a ratio of search to
acquisition of 10 to 1; over 100,000 documents were reviewed for
inclusion in the EPIC files in order to obtain 10, 000 that contained

pertinent clectronic, optical or magnetic property data on materials

‘of current interest to the DoDD. These documents were obtained

primarily from the technical journal literature, by searching over
100 journals on a month-to-month basis, and from the Government
report literature, primarily by ensuring that the Center received

contractor reports on all pertinent programs as they were issued.
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2. EXPANSION IN SCOPE AND INDEXING beTEM

During 1968-69, the Electronic Propertics Information Center
increased its coverage of optical materials which exhibit useful or
practical optical properties in the wavelength range from the vacuum
ultraviolet through the far infrared (0.01 to 100 microns). Of primary
concern has been an emphasis on solid-state laser materials, includ-
ing doped glass, doped crystals, and semiconductor lasers, infrarcd
transmitting materials and practical electro-optic and magneto-optic
matcrials used in optical display devices, optical modulators, optical
memory units and tunable lasers,

To accommodate this increased emphasis on the optical
properties of materials, it was necessary to expand and revise the
EPIC materials-properties indexing system in order that opfical
information could be readily retricved. The actual form presently
used to index documents, shown in Figure 10, illustrates the current
EPIC indexing structure. Approximately two thirds of the 10, 000
documents entered into the EPIC files during this period were
indexed under this new system.

As in the past, the materials indexing siructure remained open-
cnded during 1963-69, allowing for the addition of as rmany descriptors
as was necessary, In particular, the alkali halides have heen added
to the materials scope of the Center becausce of their use as infrared
transmitting matcrials. Approximately 7000 materials descriptors
currently make up this part of the indexing system. The original
properties indexing structure consisted of 58 indexing terms including
only three optical properties descriptors: ABSORPTION, REFLECTION
COEFFICIENT and REFRACTIVE INDEX, Twenty two new optical
property descriptors were added to this system during 1968-69,

All property descriptors were carefully defined in the Glossary of
Optical Properties (5-10, Febrnary 1969).

32



MATERTAL Material

Material
Modifler Form
MATERIAL CODE # ACCESSION #
tlejuiriw] o010 cowERAL tlefujr|w
015  CRYSTALLOGRAPMY 350 IRRADIATION PROPERTIES
016  PHASE DIAGRAMS k131 NEUTRON
017  COLFFICIENT OT EXPANSION 352 ELECTRON AND PROTON
018 ELASTIC CONSTANTS 353 GAMMA
020 ABSORPTION 354 uv
MRANGE v . B+ |+ . _Ev__ 360 LASER PROPERTILS
021 LXT. COLFT, 6l LASEF WAVELENGTH
ARANGE » . Ee_ |o_._ s 370 LIFETIML, RCCOMBINATION
‘ 022 TRANSM, 380 LOSS FACTOR
ARANGE ¢, Ee_ | . Ee__ 390 MAGNETIC HYSTERESIS
030 ARC RESISTANCE 39%  MACNLTIC LOSS
040 BRILLOUIN ETFECT 3986 MAGNETIC MOMENT
oul BRILLOUIN LCFFECT, STIMULATED 397 MAGNET1ZATION
050 CARRICR DITTUsION 400 MAGNETIC SUSCEPTIBILITY
060 CORONA LFFECTS 410 MAGNETOELECTRIC PROPERTILS
080 CROSS SLCTIONS 420 MAGNCTOMECHANICAL PROPERTIES
090 CURIE CONSTANT w21 MACNLTIC ANISOTROPY
100 CURIE TEMPLRATURL 422  MAGNETOSTRICTION
110 DEBYL TEMPCRATURL 430 MACNETO-OPTIC PROPERTILS
120 DIELECTRIC CONSTANT u3i COTTON=MOUTON LFFECT
130 DICLECTRIC STRENGTH w32 FARADAY ETTLCT
140 DISSIPATION P'ACTOR w33 KRR MAGNETO-OPTIC EFFECT
150 DOMAIN STRUCTURE U0 MICROWAVE LMISSION
160 LFFCCTIVE MASS 4% MOBILITY
170 LLECTRICAL HYSTERLSIS us1 GUNN EFTLCT
180 LLEC. RESIS. 4S5 NONLINEAR OPTICAL LIFECTS
TRANGE + . L+ ¢ . Le 460 PENLTRATION DEPTH
181 TiMp. cortT. OF RESTSTIVITY - = 465  PHOTOLLASTIC EFTECTS
Tle|ujrlw ticlulrelw
189 I-V CHARACTLRISTICS 470 PHOTO., .CTRONIC PROPERTIES
186 SURFACE CONDUCTIVITY 480 PHOTON ELECTROLUMINEGCENCE
190 ELLCTPOACOUSTIC PROPCRTILS 490 PHOTON LMISSIVITY
195  ACOUSTIC ATTENUATION 500 PHMOTON LUMINESCENCE
196 PHONON SPECTRA 502 LIFETIME, LUMINESCENCE
200 LLECTROMECHANICAL PROPLRTILS %03 QUANTUM EFFICILNCY
210 ELECTRON TICLD EMISSION 510 PHOTON MLCH. LUMINLSCENCE
220 ELECTRON PHOTOEMISSION 520 PHOTON THERMOLUMINESCENCE
230 ELECTRON SECONDARY EMISLION 530 PICZOELECTRIC PROPLRTIES
240 ELECTRON THLCRMIONIC EMISSION 540 POLARIZATION PRUPERTIES
250 ELECTRONIC SPECIFIC HEAT 550 POWLR FACTOR
260 ELECTRO-OPTIC EFTECT 560 RAMAN LFFLCT
261 ¥ERR EFFECT %61 RAMAN ErPECT, STIMULATED
‘ 262  POCKELS EFFECT 570 REFL. COLTF.
; 270 ENERCY BAND STRUCTURE A RANGE . Es_ fe_.__Fe__
: 271 DEFORMATION POTLNTIAL %89 RLIR, INDEX
272 DENSITY OF STATLS A RANGE 4. B+ |e__o Lo
. 280 ENERGY GAP 581 BIMETRINGENCE
i 290 ENERCY LEVELS 590 RICHARDSON'S CONSTANT
i 300 FLUX CHARACTEKISTICS 600 CCATTERING
: 310 GYROMAGNETIC PROPERTILS 610 SUPCRCOND. TRANS. TEMP.
3l g-tactor 520 THERMAL CONDUCTIVITY
31 EPR 630 THERMOELECTRIC PROPERTIEL
4 316 ESKR €40 THLCRMOMAGNETIC PROPLRTIES
: 317 MAGNETIC KESONANCL 650 THRESHOLD FIELD
\ 318 SPIN-LATTICE RLLAXATION 655  TRAHSPORT PROP', (CRITICAL CURRENT)
- 320 HALL COLFTICIINT 6h0  TUNNELING CHARACTERISTICS
0  INSULATION RESISTANCL 670 WORE FUNCTION

- Figure 10. Indexing form.

——
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In the process of simply expanding the number of property

descriptors, the entire indexing structure was revised and expanded.

The following changes were made beyond that necessary for the

Center's expanded optical coverage:

In addition to the 22 new property descriptors, 26 new

‘descriptors were added as a result of the division of scveral

original descriptors to obtain greater specificity (e. g.,
TEMPERATURE COEFFICIENT OF RESISTIVITY was
added to ELECTRICAL RESISTIVITY).

The experimental parameters, temperature (T), electric
field (E), magnetic field (H), pressure (P) and wavelength
(W), were added to each property descriptor, in particular,
to allow for the indexing and retriceval of important electro-
and magneto-optic phenomena (e.g., ABSORPTION + E -
clectro-absorption).

The specific range of the wavelength parameter was added
to five of the optical property descriptors and the range of
the temperature parameter was added to the ELECTRICAL
RESISTIVITY descriptor; this allows for the rapid retrieval
of documents concerned with the optical properties of speci-
fied materials at a given wavelength and the clectrical
resistivity of specified materials at a given temperature.
In order to retrieve information on doped glass and crystal
laser materials, a modifier was added to the material
descriptors to indicate the type and valence of the dopant.
An additional material modifier was added to describe the
material form (e.g., thin film, liquid, junction, composite,

eted ).

These additions to the indexing stracture have given the Center a

retricvai capability which is much improved over the simplified

materials-58 properties system in existence at the beginning of this

reporting period.
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3. DATA PROCESSING

The present format for cach of the three EPIC magnetic tape fileus

is shown in Figure 11. During this reporting period, modifications

were made in two EPIC data processing programs: the retrieval pro-

gram and the program which produced the index file. The modification

of the index file program has resulted in a more efficient and economi-
cal quarterly update of this file and has provided an opportunity for

change in the retrieval program. This latter program change has
given EPIC a lincar file capability without an actual liaear file struc-

turc. Both of these program modifications were completed and oper-

ational in July 1969. The bibliography file was not altered during this

contract period and the name file was generated as part of the change

in.the index file.

The change in the index file was two-fold. First, the material

descriptors which were once a part of the index file became a major

part of the name file. In addition, the property descriptors which

were once an internal dictionary in all programs associated with the
index [ile are now an intcrnal dictionary in the index file print program
only. Whereas the material and property descriptors were once car-
ried in all operations with the index file, the name file is now used
only in the annual printing of the index file. This change in itself has
resulted in a more efficient and a more economical quarterly update
of the index file and has allowed the linear file capability in the
setrieval program which will be discussed below.

The second of the changes in the index file was the addition of
mew property descriptors, material and property modifiers as well
as property rarges discussed above in Section IV-2. Each of these

addisional descriptors is being used successfully by EPIC for both

indexing and answcring requests for information,

.
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A. Bibliography File
1. Five digit accession number.
2. Alphabetic code to denote bibliography or abstract,
3. Two digit line number.
4. Text of bibliography or abstract. Two cards go together to
form one line of the text; therefore a maximum of 94 charac-
ters is possible in each record.
B. Name File
1. Six digit material code.
2. Flag code if field three is occupied.
3. Four digit material modifier code.
4. Sequence code.
5. Material name. Two cards go together to lorm cne material
name; therefore a maximum of 94 characters is possible in
each record.
C. 1lndex File
1. Six digit material code.
2. Flag code if field three is occupied.
3. Four digit material modifier code.
4. Flag code if field five is occupied.
| 5. Two digit alphabetic code as a second material modifier,
| 6. Three digit property code.
! 7. Flag code if [ield eight is occupied
’ 8. Single character alphabetic code as a property modifier.
g prope rty
; 9. Five digit accession number
, 10. Flag code if fields 11 and 12 are occupied.
11, Lower limit of a property modifier range of values.
12. Upper Limit of a property modifier range of values.

Figure 11. EPIC file formats,
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Aside from the increased capability afforded EPIC by the
expanded indexing system and the changes in the index file program,
the most important data processing modification in the EPIC System
during this contract period was the change in the retrieval program,
This change was also two-fold in nature. First the retricval operation
itself was changed from two, single-step operations to one, two-step
operation. This particular change gave the Center a linear file
capability without a lincar file format, It had been the Center's
original intent to physically combine the index and bibliography files
into 4 single hincar file to facilitate the retrieval process. However,
many problems were inherent in this plan and it was found that the
lincar scarch capability, which was the desirable goal, could be
obtained with the changes in the retrieval program. These changes
were cffected by July 1969 and have been used by the Center since
then. In addition to the linear file capability, the retrieval program
wais modified to allow the use of GE-635 remote termiinal processing.,
Both of these changes in the retrieval program have cnabled EPIC to
answer requests for information more efficiently and more econom-

1cally than at any other period in the history of the Conter,
4. EPIC INDEX

At the cnd of this contract period (February 1970), the Center
delivered to che Air Force ten copies in microfiche form of the entire
index and bibliography files representing all 42, 000 documents in the
EPIC files, The nature of the EPIC system with its separatc index and
bibliography files enabled the delivery of these complete indexes with-
out any file manipulation beyond the regular quarterly update, The
EPIC magnetic tape files maintain a linear search capability and need

no sort routines whatsocver to provide the indexes for manual usce of

the system,

The entire EPIC fi‘es were delivered in hard copy to the Air Force

in January 1367 and supp ements in microfiche form were delivered in
January 1968 and 1969. i'ad the 1970 indexes been delivered as an

additional supplement, Air Force personncl would have had to perform
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four searches using one hard copy and three sets of microfiche to
obtain the information desired. For this reason, the complete index
to accession number 42,000 in both the Material-Property Index and the
Bibliography of Holdings was prepared and delivered in February 1970,
Each copy of thesoe indexes was delivered in "Viz-A-Fiche' pages in
a one-inch loose leat binder. The Center's experience in using mivro-
fiche for the 1968 and 1909 supplements showed that g suitable method -
of holding the fiche was needed. The "Viz-A-Fiche pazes have met
this need better than any other product avaiiable at the time the indexes -
were deiivered,
There arce three new chavacteristicos of the Material-Property
Index. First, the aceession numbers under cach desermptor are now
printed sequentially acroas the page instead of being ordered by termi -
nal digit, This printing mode was first used in the 1969 supplement
and was ijound to be satistactory; thercefore, it has been used for
printing the entire index file. Sccondiy, the material modifier "F7 -
is now found with some o! the accession numbers., This 1s the nirst
printing of the muterial modificy descriptors resulting irom the
expanded indexing and indicates that the document represoented by the
accession number countains data on the thin Hilm form of the material,
Since only two-thirds of the tast 10,000 documeoents {or approximately
15 percent of the entire file) has been indexed under the expanded
system {sce Section 1V -2}, other material modificrs, the proporty
modifiers and the property mediner range-of-values were not printed
at this time. Finally, as an additional result of the expanded indexing
system, some property descriptors are indented to denote that the
property resulted from the division i the non-indented property

descriptor whichi precedes it,
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SECTION V
PULBLICITY PROGRAM

The Elcctronic Propertics Information Center continued an
agpressive publicity program throughout the 1968-69 period,  The basic
content of the progran was to contact individual scientists and cngincers
within the clectronics community, introduce thein to the services and
technical products of the Center, and, if they expressed a definite inter-
est, place thenm on distribution for the EPIC Bulletin, The Bulletin
was issued quarterly throughout 1968-6Y and announced the current
activitics of the Coenter and the availability of the EPIC publications
reicased during this period,.  In addition to the Bulletin, the EPIC
Brochure, describing the Center and listing all available EPIC publica-
tions, was usecd to publicize the Center. The success of the publicity
program is shown in Figure 3; a 73 percent increase was realized
during this period in the number of individuals receiving the EPIC
Bulletin on a regular basis.

Of course, the succes<s of this program depunded upon personal
contact with individuals at the coginecering level in a large number of
orpanizations throughout the ¢ountry cngaged in electronics rescarch
and development. Scveral methods were cmiployed to accomplish this:

'Y Technical Corferences. The EPIC staff attended nineteen

technival micellngs, conferences and symposia during

1968 -69 (Appendis 11}, The location of the Center in the

Los Angeles arca is an ideal situation; the EPIC technical
staff 1s able to attend a large nummiber of local mveetings
puertaining to electronics with a minimum cost to the Nir
Forceo In all cases, descriptive EPIC hiterature was dis-
tributced to as many attendees as possible and, in turn,
puertinent information and data were collected for the EPIC
files, In somve cases, the Center was on the mecting agenda
and an oral presentation describing the soirvices of the Center
was possible; in others, the Center took part in committee

theetings pertinent to clectronice taterials and propertics,
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When such direct participation was notl practical, EPIC
technical publications pertinent to the subject of the niceting
were distributed to attendees.  Sceveral mceetings were
attended primarily by library and iaformmation cenler person-
nel who are in a position to publicizve EPLIC to their clicentele.

JTrade Journal Advertiscimments. Brief notices announcing

the availabiluy of EPIC Interim Reports were placed in the -
"new literature' scction of two irade journals; IR-60 and 61,
on thick film inks and pastes for microclectronics applica-

tions; and IR-07, & diclectric constant design guide, were
annovunced, respectively, in the November 1908 issuce of

Research/Development magarine and in the October 1909

1ssuc ol Insulation magarsine. Over 000 requests for these

publications have been reccived through these magazinges,

The EPIC response to these requests has included a copy of -
the EPIC Brochure. copivs ot the latest EPIC Bulletins and -
a form letter describing the tull services ol the Center,

Approxuizately 20 percent of these responxes have been

followued Ly furtihic r inguiries from these new users of ihe

Center, proving the success of this publicity approach.

Descriptive Literature Mattings.  Periodic miatlings of

Hiterature deseribing the Center were niade to individual
cngineers and scicntuists niosl hkely to have interests in
clectronie materials, Mailing lisis were doeveloped fron,
rosters of pertinent technical conferences and university
"short courses’. Docurnients entered into the ERIC tilos

were ultiliced as an additional and umigue source of nanies

and acdresses o potentral users of the Center; by dorinition,
the professional mmterests ol the authors fall within the scope

of the Center.
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Technical Articles.  As an additional publicity clfort, the

Center has preparcd a technical paper describing e scope
and opcerations of information analysis centers (n goneral,
and EPIC 1n particular, and explaining the role of EPLC in
supplytng desipgn data necessary for materials selection:
Milek, J.T. and Welles, S.J. The Role of the Specialized
Intormation Analyeis Coenter in Matceriats Sclection.  1EEE
Transactions on Parts, Matcerials, and Packaging, PAIP-4,

GZ2-10] (December, 14Y08).
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SLCTION V1
SALIS PROGRAM

The Flectronic Propertics Informuation Center has offered rfor sile

. R . N
tnrougih 1’1 Plenum Data Corporation, New York, a comprehensive

>
manuul index representing all documents in the EPIC files,” At a sales
price of $150 per volumie, over 1200 volumes of the EPIC Index have
cen sold,  Initially sales of the firs me of the Index were hampere
b ld, Initiall 1 of the first volume of the Ind re hampered
ecausec of concurrent sales at $15 per volume by the caringhousce fo
beca 1 ent sal t &§15p slame by the Cl gl for
Federal Scientitic and Technical Information,

Eavly in 1903 an extensive plan was developed by EPIC to pubhish
all major technical produ ts produced by the Center throuph IFLPleaum
Data Corporation, All HPIC Data sheets, and Survey Reports, sclected
EPIC Bibliographics, and Voeolume 3 of the ERIC Index were to be pab-
lished by Plenum, bLoth individually and in scries form on a subscription

basis, Ten of the 34 publications listed in Table I were te torni the

first volumes of this series. Adminstrative and legil problem:s pre-
vented the accomplishment of this sales prosram e:ifort,
The present sales plans for the Klectron:e Properties Information

Center may be summarized as follows:

) hMarketable FPIC publications wili be sold individually and
i scries form through IFI Plena Data Corporation,
Separate contracts - one fur publication of Volume 3 of the
index and a second for publication ovi other technical products
arc being negotiated with IF1- Plenam Data Corporation.

. The gquality and magnitade of the KPIC techmical answering
service will he mammtained on its present free oi charee

I)(L‘

voath the intent to market thls seprviee tn the rature

u

through & qualificd organization,
] The sales potential or the KPIC magnetic tagpes will be

investigated through a commercial aarketing orvganization,

S, icctronmice Propertnes of niaterials: A Guide to thie Lateratare,
Volume 1, Hd, by H. Thiyne Johnson, 1965, 1651 pp. Volune 2,
Fod, by DL, Grig-bLy, {207, 1792 pp.
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SECTION VII
FUTURE PLANS

The activities of the Electronic Properties Information Center
in the near future will be dictated primarily by a reduction in funding;
Air Force funding of the Center during 1970-71 will be decreased by
more than 30 percent under the 1968-69 aniount. Even thougt his
reduction is substantial, the Conter and tae Air Force have agreed
that the Center will net reduce its materials-properties coverage or
its services. In particular, the Center will continue its coverage of
the optical properties of materials, ¢xpanded only during the past
two years, and will continue to answer all technical inquiries within
the scope of the Center from the scientific commiunity. On the other
hand, the reduction in funding will necessitate a reduction in the
number of technical publications prepared by the Center and a2 reduc-
ticn in the number o1 documients acquired for the EPIC files. Thus,
the Center will continue to cover the same technical arcas but will be
miuch tore sclective in adding data and information to the ERIC
retricval system and in coinpiling data and information inlo technical
publications.

The subject and forniat of future EPIC publications will be
dictatcd to a great extent by the saleability of the final product in
accordance with an EPIC sales pregram. In particular, the Data
Table format, found to be extremely popular during this contract
period, will be continued with the preparation of Data Tables on the
II1-V semiconducting compounds and possibly on the Group IV semi-
conauctors, Future EPIC Data Shectis wi 1d to cover broad
catezorics of materials rather than indiviuwual matetrials; in particu-
lar, Data Shcets on the key properties of opti al materials, incluaing
ceramics, semi-conductors andnetals  will be published in 19370,

Other aspects of the sales program will be aggressively pursued.
The Center will continue to explore the [easibility of ynarketing the
EPIC n:agnetic tape files. The EPPIC technical answering service,

will be continued ot full strength as described above. In the long range
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future, EPIC will study the possibilities of rer..ote, on-line access to

its files to provide increased use of the EPIC system by the entire
scientific community on a pay-as-you-go basis. L

An important addition to the activities of the Center in the near
future will be the use of an Advisory Committee composed of experts
in electronic and optical maierials technology and information retrieval
to assist the Center in planning its activities and formating its services
and technical products to most efficiently mcet the data and informa-
tion needs of the electronics community. The formation and use of
this Cenmnmittee is particularly important at this time to advise EPIC
as to how it may continue to be a center of excellence in electronic
and optical materials technology under the reduced funding conditions
described above. Twelve individuals representing the DoD, NASA,
industry, technical societies and educational institutions have accepted
an invitatien to serve on this Advisory Committee. The first meeting
of the Comnittee is tentatively scheduled for October 1970 at Wright-

Patterson AFB, Appendix IV lists the members of the EPIC Advisory
Committee,
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APPENDIX |
ORGANIZATIONS SUBMITTING THREE OR MORE REQUESTS

Industrial Organizations

Acrojet-General Corp.
Aerospace Corp.

AiFesearch Manufacturing Co.
Allen-Bradley Co.

Allied Chemical Corp.

Allis Chalmers Manufacturing, Inc.

Amperex Electronic Corp.
Automatic Electric Labs., Inc.

Avco Corp.

Beckman Ins'truments, Inc.
Belden Corp.

Bell & Howell Corp.

Bell Telephone Laboratorics, Inc.
Bendix Corp.

Bertea Corp.

Boeing Co.

Borg-Warner Corp.

Bourns, Inc.

Burroughs Corp.

Cabot Corp.
Carborundum Co.

Centralab

" Clarostat Mfg. Co., Inc.

Collins Radio Co.
Communications Satellite Corp.
Continental Device Corp.

Control Data Corp.
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Corning Glass Works

Cutler-Hammer

Cyprus Mines Co.

Dickson Electronic Corp.

Dow Chemical Co.

E.I. DuPont de Nemours & Co., Inc.
Eastman Kodak Co.

EG & G Inc.

Electronic Resources Inc.

Electro Optical Systems, Inc.
Emerson Electric Co.

Engelhard Industries, Inc.

Erie Technological Products

Ethyl Corp.

Exotic Materials Inc.

Fairchild Semiconductor
Fenwal Electronics, Inc.
Field Emission Corp.
Filohm Corp.

FMC Corp.

Ford Motor Co.

Foxboro Co.

General Dynamics Corp.
General Electric Co.

General Laser Corp.



General Motors Corp.

.General Telephone &
Electronics, Inc.

G. & H. Technology Inc.
Goodycar Aerospace Corp.

W. L. Gore & Associates, Inc.
Gulf General Atomic, Inc.

Gulton Industries, Inc.

Hartman Systems Co.
Hazeltine Corp.
Hewlett-Packard Co.
Honeywell, Inc.

Hughes Aircraft Co.

ILC Laboratorices, Inc.

International Business Machines
Corp.

International Nickel Co., Inc.

International Telephone &
Telegraph Corp.

Ion Physics Corp.
IRC, Inc.
Itek Corp.

Alex E. Javitz Co.

Kaiser Aluminun, & Chemical
‘Kawecki Berylco Industries, Inc.

KDI Poly-Technic, Inc.

Lear Siepler, Inc.
Lienkurt Electric Co.
Ling~-Temco-Vought, Inc.
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Litton Industrics

Lockheed Missiles & Space Co.

Magnavox Co.

P. R. Mallory & Company, Inc.
Martin-Marietta Corp.
Matcrials Reserach Corp.
Matthey Bishop, Inc.
McDonnell Douglas Corp.
McGraw-Edison Co.
Melpar, Inc.

Merrimac R & D, Inc.
Metrophysics, Inc.
Microwave Associates, Inc.
Microwave Electronics

Minnecsota Mining & Manufacturing
Co.

Monroe Electric Inc.
Monsanto Rescarch Corp.

Motorola, Inc.

National Cash Register Co.
National Lead Co.

North American Rockwell Corp.
Northrop Corp.

Norton Research Corp.
Owens-I1linois, Inc.
Packard Bell Electronics
Phelps Dodge Corp.
Philco-Ford Corp.




Radio Corporation of America
Raychem Corp.

Raytheon Co.

Rogers Corp.

Rohr Corp.

Ryan Aeronautical Co.

Sanders Associates, Inc.

Sandia Corp.

G. T, Schjeldahl Co.

Signetics Corp.

Simmonds Precision Products, Inc.
Singer-General Precision Inc.
Speer Carbon Co.

Sperry Rand Corp.

Sprague Electric Co.

Stromberg Carlson Co.

Sylvania Electronics Products, Inc.

Tektronix, Inc.

Texas Instruments Inc.
TRW, Inc.

Tyco Laboratories

Union Carbide Corp.
United Aircraft Corp.

Varian Associates

Watkins-Johnson Co.
Western Electric Co., Inc.
Westinghouse Electric Corp.

Weston Instruments, Inc.

The Ralph White Co.

Xerox Corp.

Educational and Research Institutions

Arizona State University
Arizona, University of
Battelle Memorial Institute
Brandeis University
Brigham Young University
California Institute of Technology
California, University of
Carnegic-Mellon University
Colorado, University of
Connecticut, University of
Cornell University

Florida, University of

Nllinois Institute of Technology
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Illinois, University of
Indiana University

Iowa State University
Kentucky, University of
Maine, University of

Massachusetts Institute of
Technology

Michigan, University of
Minnesota, University of
Missouri, University of

New York, State University of
New York University

Morth Carolina State University



Northeastern University

Ohio State University
Pennsylvania State University
Purdue University

Research Triangle Institute
Rutgers University

Southwest Research Institute
Stanford University

Temple University

Texas Technological College

50

Texas, University of

University of Dayton

University of Rochester
University of Southern California
Univereity of Toledo

Utah, University of

Vermont, University of
Virginia, University of
Wisconsin, University of

Yale University



APPENDIX 1I

MEETINGS ATTENDED BY EPIC
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APPENDIX III
IEPIC PERSONNEL

Dr. Sheldon J. Welles" Head, EPIC

Dr, Richard I. Akawie Mermber of the Technical Staff
Donald L. Grigsbhy Member of the Technical Staff
Irnee J, d'Haenens Consultant, Hughes Research

Laboratorics

John T, Milek Member of the Technical Staff
Alfred J. Moses Member of the Technical Staff
Meta S. Neuberger Member of the Technical Staff
John R, Chase Data Processing Specialist

*On April 6, 1970 Walter H, Veazie replaced Dr, Welles as
Head, EPIC,
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